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Abstract 
Terahertz technique of the Time-Domain spectroscopy (THz-TDS) is used for investigations of selected components.  
We considered in the paper possibility to recognize typical pharmacological  ingredients, which leave a specific 
“finger prints” in the terahertz region of electromagnetic spectrum. Some oligopeptides as vasopressin and oxytocin 
is also measured in the THz band. 
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1. Introduction 
The terahertz range is that one, where molecules leave their "finger prints", their very specific 
absorption spectrum [1]. Hence, terahertz technology, with its characteristic spectral "detective" 
inevitably directs the researcher's interest to heavy molecules and biochemistry. The THz spectroscopy 
identifies hydrogen bonds (one of the most important in chemistry), detects the phenomenon of hydration 
of chemicals, and helps in the identification of molecular crystallographic lattice. THz-TDS technique 
allows simultaneous determination of amplitude and phase of the analyzed signal after passing through 
the sample. In this way it is possible to determine various parameters of the sample, as the spectrum, 
refractive index or dielectric constant, both the real and complex parts. THz-TDS spectroscopy can be 
classified as so-called InfraRed, spectroscopy (IR), which is complementary to Raman spectroscopy (R). 
In both methods of measuring the radiation penetrates the medium in a different way of encountering 
other energy transitions, other selection rules. Therefore, the energy levels not available with Raman 
technique can be detected with IR technique. Thus, both methods complement each other.  
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Spectrum of electromagnetic radiation available for science and technology spreads from gamma rays 
(usually produced in the processes of nuclear transformations), through X-ray radiation (usually produced 
as a result of collisions of electrons with atoms), then we have the extreme ultraviolet HUV, ultraviolet 
UV, visible light, infrared, infrared, far infrared FIR, in finally THz band. Here the 
photonics/optoelectronics ends. Beyond the longer waves we have the electronics or radio engineering 
domain. 
1.1.  The base of the experiment 
Terahertz spectroscopy assists analytical chemistry because of its ease of detection and identification 
of molecular interactions (intermolecular) in chemical compounds. The THz spectroscopy identifies 
hydrogen bonds (one of the most important in chemistry), detects the phenomenon of hydration of 
chemicals, and helps in the identification of molecular crystallographic lattice. With THz spectroscopy is 
possible to verify the results obtained using computational chemistry methods, such as the influence of 
covalent bonds, electrostatic interactions, hydrogen bonding interactions and van der Walls interactions 
on the value of vibrational frequencies of molecules. These characteristics put a new technique for the 
position extremely powerful tool useful in research areas such as physics, chemistry, biology, 
pharmacology, and biomedicine. 
Fig. 2: Schematic illustration of the THz-TDS spectrometer. 
1+2 – measurement arms of the spectrometer, 3 – probing arm, 
Tx – THz transmitter, Rx – THz receiver, BS – cubic beam-
splitter, DL – optical delay-line, PM – parabolic off-axis 
mirrors, S – microscopy lenses. 
 Fig. 2 shows schematically a typical arrangement of the THz spectrometer working in the system 
called a terahertz time domain spectroscopy (THz-TDS). The device works in the same way as any 
optical interferometer. The most appropriate arrangement is a Mach-Zehnder interferometer, where the 
beam is carried out with two separated arms and radiation does not pass through the sample twice, as it is 
in the case of the Michelson interferometer. The difference lies in the fact that some part of one arm beam 
is converted into terahertz beam (see arms (1) and (2)). The signal detection method is the same as in any 
interferometer. This can be a screen or just an optical detector where the two beams meet together (here: 
Rx antenna). The measurement system is driven with a laser pulse of a wavelength around 780 nm. Laser 
pulses have a 100 femtosecond time duration and below and they are generated with the time repetition of 
approximately 80 MHz. The pulses are split on a cubic beam splitter (BS) and addressed in two arms of 
the interferometer, respectively (1) and (3). A beam arm (1) - still optical - is focused with a microscopic 
lens (S) at the semiconductor material with technologically imposed a miniature dipole antenna (Tx) with 
a length of about 100 -200 microns. A semiconductor material is usually a specially prepared gallium 
arsenide plate. Due to a short duration time of the pulse so produced, its spectrum can be in the terahertz 
range. Starting from Tx antenna, the arm (2) is called THz one, but it is an extension of the arm (1). Still 
we have two arms of the interferometer: the arm (1) + (2) and the arm (3). If we insert on the path (2) - 
see Fig. 1 - the test material, it will leave absorption lines in the spectrum of the pulse with the 
distribution characteristic for the investigated medium. Mathematically, the Rx antenna receiving signals 
we measure, are the convolution of two functions - THz and optical  signals - without the sample, as a 
reference signal. It is known, that the conversion of such signals from time domain to frequency domain 
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shows that convolution function can be reduced to their ordinary multiplication what makes the 
calculation easier. 
2. Experiment 
  

Fig 3: Lactose spectrum in the terahertz region.  Fig 4: Famotidine spectrum in THz region 
The samples in our experiments are used in a polycrystalline form and mixed with polyethylene (PET) 
powder. The paper presents terahertz investigations on typical media used in pharmaceutical sciences [3]. 
Fig. 3 shows the spectrum of lactose in the terahertz range. As it is seen, it is easy to recognize sharp 
absorption lines in the 10 – 100 cm-1 band. The purpose of the investigations is to show advantages of the 
terahertz technique in recognition of the spectra of typical drug components as eg. famotidine – see Fig. 4.  
As it is known, hydration process during the manufacturing of the drug is perceived as a typical 
problem in pharmaceutical industry. It is shown in the paper, that the terahertz technique allows 
recognizing the level of the hydration process – see Fig. 7 with hydrated and unhydrated glucose spectra.  
Fig. 8 shows the process of glucose hydration. It is easy observable, how the hydrated glucose 
spectrum changes with the process of drying. As it is seen, absorption lines indicated in the figure as (H) 
disappear, and new lines appear in the spectrum in different places – lines (N).  
The terahertz technique can be helpful to identify unique biologic signatures [3]. In this paper we 
present selected for the THz-TDS investigations – oxytocin (Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly-
NH2) and vasopressin (Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-Gly-NH2) and their derivatives. We have 
selected analogues of oxytocin (OT) and vasopressin (VP) for our terahertz studies. Oxytocin [(Cys-Tyr-
Ile-Gln-Asn-Cys)-Pro-Leu-Gly-NH2] and vasopressin [(Cys-Tyr-Phe-Gln-Asn-Cys)-Pro-Arg-Gly-NH2] 
are peptide hormones, playing an important role in the human body. Impaired secretion of these hormones 
leads to serious illnesses. Therefore, analogues of these peptides are developed,  with increased activity 
and selectivity, and decreased side effects.  
  
)LJ  ,QIOXHQFH RI WKH K\GUDWLRQ SURFHVV RQ WKH
PROHFXOHRIJOXFRVH
)LJ7KHSURFHVVRIJOXFRVHK\GUDWLRQ+²DEVRUSWLRQ
OLQHV RI WKH K\GUDWHG JOXFRVH 1 DEVRUSWLRQ OLQHV RI
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 XQK\GUDWHGJOXFRVH

Research on the development of peptide analogues with the most favorable pharmacological properties 
typically rely on changes in the amino acid sequence [4]. Such changes affect not only the biological 
activity of the analogue, but also its physicochemical properties. Involvement of vasopressin and oxytocin 
in the regulation of human uterine activity is a known effect. OT and VP hormones are intensively 
investigated using different methods and methodologies. In our experiment, four analogues of both 
oxytocin and vasopressin were synthesized. In all derivatives one of cysteines is exchanged with histidine 
in the peptide sequence. A carboxyl group (C-terminus) of the selected derivatives was blocked with an 
amide group, similarly like in native oxytocin and vasopressin hormones, while the amino group (N–
terminus) was either left free or blocked with an acyl group. The synthesized derivatives differ in some 
details. In half cases cysteine and histidine occupy 1st and 6th positions, respectively. In other half cases 
the cysteine and histidine are mutually exchanged, as it is shown in Fig. 9.  

)LJ  'LDJUDP RI WKH LQYHVWLJDWHG PROHFXOHV
VHTXHQFHV DQG RUGHU RI WKH PROHFXOHV LQ WKH
QRQDSHSWLGH FKDLQV & F\VWLQH < ² W\URVLQH , ²
LVROHXFLQH 4 ² JOXWDPLQH 1 ² DVSDJDULQH + ²
KLVWLGLQH 3 ² SUROLQH / ² OHXFLQH * ² JO\FLQH $F ²
DFHW\O ) ² SKHQ\ORDODQLQH 5 ² DUJLQLQH DE
ILJXUDWLYHO\ LOOXVWUDWHG PHWKRGRORJ\ RI WKH
PHDVXUHPHQWV
Other amino acids in both oxytocin and vasopressin are left on their native positions. The aim of our 
study was to examine how the changes in the amino acid sequence of the peptide chain affect the spectra 
of the peptides in the terahertz "finger print" region. Samples in a lyophilized powder form were 
measured in a spacer designed for this purpose.  
 
)LJ2OLJRSHSWLGHV2V2V2V2VLQSDLUVVHOHFWHGIRUDQDO\VLV
The method of the analysis is illustrated in Fig. 9. Fig. 11 shows some results.  
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